ABSTRACT: Establishing the validity of health behavior surveys used in community-based participatory research (CBPR) in diverse populations is often overlooked. A novel, group-based cognitive interviewing method was used to obtain qualitative data for tailoring a survey instrument designed to identify barriers to improved cardiovascular health in at-risk populations in Washington, DC. A focus group-based cognitive interview was conducted to assess item comprehension, recall, and interpretation and to establish the initial content validity of the survey. Thematic analysis of verbatim transcripts yielded 5 main themes for which participants (n = 8) suggested survey modifications, including survey item improvements, suggestions for additional items, community-specific issues, changes in the skip logic of the survey items, and the identification of typographical errors. Population-specific modifications were made, including the development of more culturally appropriate questions relevant to the community. Group-based cognitive interviewing provided an efficient and effective method for piloting a cardiovascular health survey instrument using CBPR.
Introduction
Cardiovascular disease (CVD) is increasingly a threat to both developed and developing countries. 1 The risk factors that continue to jeopardize cardiovascular health and precede CVD onset-diabetes, hyperlipidemia, hypertension, obesity, physical inactivity, poor nutrition, and smoking-disproportionately affect racial/ethnic minority populations and those of lower socioeconomic status. 2, 3 Although CVD remains the leading cause of death in the United States, 4 non-Hispanic blacks and Mexican Americans are more likely to live in neighborhoods with greater socioeconomic deprivation, and these environments appear to worsen cardiovascular health. 5 Interventions that improve cardiovascular health are needed to reach at-risk populations in resource-limited communities. 5 Community-based interventions that combine education, support, and resources to target cardiovascular health 6 are essential for reducing CVD. Community-based participatory research (CBPR) is a strategy for developing interventions with community partnerships for population-specific and sustainable interventions both in the United States 7 and abroad. [8] [9] [10] A reliable and valid survey instrument is fundamental for measuring health beliefs and practices, such as physical activity and diet, in a community-based intervention; however, little is known about how best to tailor health behavior surveys to fully assess a community's needs. Cognitive interviewing (CI) is a well-established method for providing insight into the respondent's cognitive processes in survey completionspecifically, question comprehension, information retrieval, decision making, and response processing. Cognitive interviewing is an approach that has been used in communitybased studies of diverse populations to validate the utility and relevance of patient/participant-reported outcome measures as an important adjunct to traditional pilot testing. 11 Historically, cognitive interviews have been conducted via face-to-face interviews, with one individual at a time. 12, 13 Community-based participatory research studies have evaluated community involvement in health survey development; however, there are few published studies that we are aware of describing focus group-based CI for survey development [14] [15] [16] [17] and for purposes of quantitative studies. 18 In the selected faith-based Washington, DC, communities in the United States, we examined focus group-based CI as a method for developing a survey to assess cardiovascular health beliefs and behaviors in a CBPR project. This novel application of CI with a focus group design was used to (1) assess question comprehension and interpretation, (2) evaluate content validity, (3) determine unforeseen inaccuracies in cultural 2 Health Services Insights conversion of survey questions, and (4) pilot-test and evaluate the feasibility of a novel data collection approach to enhance data quality. We hypothesized that group-based CI would serve as a cost-effective and efficient method of gaining feedback on a survey measuring cardiovascular health beliefs and behaviors for a population-based cohort in at-risk, resourcelimited Washington, DC, communities.
Methods
A CBPR partnership, The D.C. Cardiovascular Health and Obesity Collaborative (D.C. CHOC), was established in 2012 and is made up of our multidisciplinary research group (including physicians, health behaviorists, mixed methodologists, epidemiologists, and research fellows), Howard University faculty in nutrition and community health, and church leaders from predominantly African American, faith-based organizations in Washington, DC (wards 5, 7 and 8; areas of the city with the highest CVD prevalence and where access to physical activity resources and healthy nutrition is limited 19 ). Additional partners include health care providers, leaders from nonprofit organizations, government agencies, and community members. The Washington, D.C. Cardiovascular Health and Needs Assessment is the first research project designed by D.C. CHOC with the overarching goals to (1) assess cardiovascular health factors of a sample population from the faith-based community in resourcelimited Washington, DC, areas; (2) evaluate technological tools for improving health behaviors related to physical activity and diet; and (3) assess potential psychosocial and environmental barriers to behavior change. The D.C. Cardiovascular Health and Obesity Collaborative has been providing input on project design since its inception, including recommending an initial focus group to evaluate the survey prior to administering it to the community. The Washington, D.C., Cardiovascular Health and Needs Assessment project, including the evaluation of focus group CI as a method for survey testing, was approved by the National Heart, Lung, and Blood Institute Institutional Review Board (NCT#01927783). We obtained written informed consent from all study participants.
The final CI focus group participants (n = 8) were recruited between December 2013 and January 2014 from 3 churches in 3 resource-limited wards in Washington, DC. Participants were aged 28 to 70 years and were proficient in English. A moderator-led focus group using group-based CI techniques was conducted with participants at one of the collaborating churches in February 2014. The participants of the CI focus group represented a purposive sample of church lay leaders or members from predominantly African American churches in 3 Washington, DC, wards where obesity prevalence is highest and resources for physical activity and healthy nutrition are most limited (see Figure 1) . Each of 3 churches was asked to provide a list of 5 volunteers (total n = 15) who would be interested in enrolling in the focus group discussions. The members who were identified were then contacted by phone. Of the 15 participants contacted, 9 agreed to participate based on scheduling; however, 1 participant was unable to attend and dropped out at the last minute, leaving 8 participants (Table 1) . Focus group participants initially completed the cardiovascular health beliefs and behaviors survey individually. The participants were then asked to individually rate the difficulty of each question immediately after completing the question by selecting one of the 2 responses, "Easy" vs "Difficult," next to each item.
Once the survey was completed individually, focus groupbased CI began and lasted 54 minutes. The participants were permitted to refer back to their completed survey during the focus group. An experienced moderator (G.R.W.) led the focused discussion, whereas a facilitator (T.P.-W.) took notes, made observations, and operated an audio recorder. The moderator had not met the participants prior to the focus group. A Moderator's Guide with pre-selected questions and probes was used ( Table 2 ). As part of the CI process, participants were asked to perform an initial think-aloud exercise to practice their ability to answer open-ended 13 and probing questions designed to identify any difficulties participants experienced when completing the survey. The initial think-aloud exercise was adapted from the Willis Cognitive Interviewing and Survey Design: A Training Manual 12 and has been used in other community settings in traditional one-on-one cognitive interviews. 11 
Qualitative Analysis
The CI focus group was audio-recorded with the recording transcribed verbatim by an independent clinical research organization (Social Solutions International, Inc., Silver Spring, MD, USA). A member of the research team listened to the audio files to validate the quality of the verbatim transcription. Once the quality of the audio transcripts was verified, 4 members of the research team independently reviewed the transcripts and later met as a group through 2 rounds of consensus building of the major themes. Once consensus was reached, the 4 research team coders developed a thematic codebook or dictionary of concepts based on the participant responses.
Each code was accompanied by an operational definition that allowed clarity and consistency in the coding process. Once the process of consensus building was complete, the themes and coding were validated by a National Institutes of Health intramural qualitative expert. "Creditability, auditability, and fittingness" 20 were criteria by which we assessed trustworthiness of data. To ensure creditability or "truth" of the findings, 19 themes and coding were validated by an intramural mixed-methods expert. To maintain auditability (ie, "the adequacy of the information leading the reader from the research question and raw data through various steps of analysis to the interpretation of findings") and fittingness, or "faithfulness to everyday reality of participants" of the qualitative data, selected quotes illustrative of each designated theme are displayed in Table 3 to highlight pertinent findings. 20 NVivo 9.0 software was utilized for further qualitative data management and analysis of the transcripts.
Results
Of the 8 focus group participants, 62.5% (n = 5) were men and all were African American (Table 1) . Regarding education, 37.5% (n = 3) of participants obtained some level of college education, 25% (n = 3) had received a college degree, 12.5% (n = 1) completed a technical degree, and 25% (n = 2) received a graduate/professional degree. Seventy-one percent (n = 5) reported having an annual household income less than $60 000.
Thematic analysis of the CI focus group verbatim transcripts yielded 5 main themes for which participants suggested survey modifications, including item improvements, suggestions for additional items, community-specific issues, the skip logic of the survey items, and the identification of typographical errors (Supplemental Table 1 ). The participant recommendations included (1) improving specific items related to physical activity, eating, and drinking; (2) reformatting scales/responses; (3) modifying consistency/timing of survey items, and (4) clarifying definitions. Under the "suggestions for additional questions" theme, participants recommended inclusion of items related to specific health behaviors, including complementary alternative medicine (CAM) use and perceived self-efficacy. 
Health Services Insights
Quantitative analysis in NVivo 9.0 provided percentage coverage of each theme and subtheme coded based on participant feedback. The percentage coverage of themes in descending order was question improvement (58%), additional questions (17%), community-specific issues (9%), skip logic (7%), and typographical errors (2%). These percentages are referring to the proportion of quotes falling under each of the top 5 themes.
Strategies were suggested to improve various sections of the survey, as demonstrated by themes' illustrative quotes (Table 3) . A reoccurring subtheme was the need to reformat scales and responses and to clarify terms used in specific questions related to physical activity, dietary intake, and weight history (eg, time frame and frequency of dietary intake). In Table 3 , it was suggested to reformat the dietary questions to reflect a more accurate interpretation of intake related to specific foods. Participants also described challenges with vaguely defined terms used in physical activity questions. The need for further modification of language in physical activity questions also surfaced from this statement. There was consensus among other participants regarding use of more detailed language in the dietary questions. Quotes described participants' difficulty when mapping internally generated answers 12 to responses given by the survey questions.
Further modifications were suggested for the body size perception "graphics." (Male, 28) It was suggested that "a real picture of an actual person" (Male, 28) be used in the section on Weight History as opposed to a pictorial representation as described by Pulvers et al 21 : 
Think-aloud exercise
Before beginning questions about the survey instrument, participants were asked to perform the following think-aloud exercise:
"While we are going through the questions, I'm going to ask you to think aloud so that I can understand if there are problems with the questionnaire. By 'think aloud' I mean repeating all the questions aloud and telling me what you are thinking as you hear the questions and as you pick the answers. Here is an example: Visualize the place where you live and think about how many windows there are in that place. When you are counting the windows tell me what you are seeing and thinking."
Focus group questions 1. On page___, were there any questions on this page (on the questionnaire) that were difficult to understand? If so, please tell me the question number on the survey that you identify as being "difficult"? 2. For the questions that you identified as "difficult" or an issue area, could you please tell me why you felt they were difficult?
Probe
What do you think the question is asking?
What do the specific words mean to you?
What type of information did you need to recall (remember) to answer the question? For example do you recall things individually or do you estimate to answer the question? Do you have to devote mental effort to answer thoughtfully and accurately?
3. After each difficult question, please ask the participant for recommendations on modifying/revising the question for participant comfort.
Moderator continued to probe after each question to get participant's perspective on the difficulty with the study question. Moderator listed and acknowledged all barriers identified and then further probed these issues.
Closing questions: wrap-up
1. If you were in charge of a research project to look at health beliefs and health behaviors of this community, what would be one piece of advice that you would give the research team before beginning the study? Consistency/timing of questions "Well the first sentence just confused me, because it said the past month, I wasn't sure if that was inclusive of today, the last thirty days or previous month. . ." (Male, 49) "Well some of the questions later on said the "the last 30 days" and you know, you could put the word inclusive or not you know 'the last 30 days including today, or the last 30 days not including today'" (Male, 49)
Clarifications of definitions "And with the drinking [alcohol] piece. . . that might be one you want to add "Elect not to answer", just add that in and you'll know that there's some issue with answering the question, rather than somebody just saying "No" when they may be a drinker and because this is being conducted in a church. . . may elect not to answer. . ." (Female, 59) "It was tough because it also seemed a little ethnocentric; it seemed like these are white bodies or something. . ." (Male, 49) Changes were made to the survey based on feedback received from group-based CI participants (Table 4) . Each change was a direct response to the participants' suggestions for reformatting scales and responses, clarifications of terms in the questions through language and figure modification, or inclusion of more culturally relevant, community-specific questions. Physical activity questions were differentiated between work-related physical activity and fitness or recreational physical activity. Dietary intake questions were reformatted into tables to guide respondent's information processing. Language was modified throughout the survey to lessen stigma (eg, providing the option for "Prefer not to answer" responses for questions on "Tobacco/Alcohol/Drug History") and to elicit comprehensive information on beliefs and behaviors, as demonstrated by the changes made to questions on dietary intake frequency and addition of health behavior-related questions (medication and illicit drug usage, sexual function, CAM) and self-efficacy questions.
Suggestions for additional questions

Discussion
We used focus group-based CI in a community-based focus group to tailor a survey for measuring psychosocial and environmental factors related to cardiovascular health in resourcelimited Washington, DC, neighborhoods. The themes and subthemes coded from the qualitative focus group data elicited key recommendations for survey modifications specific to the needs of the target community. Using CI techniques, including the "think-aloud" process, and discussing specific issues regarding comprehension, information retrieval, decision making, and response processing, we were able to focus on improving the reliability and validity of the cardiovascular health survey. Through group discussion, we were able to pilot-test and evaluate the feasibility of a novel data collection approach to enhance data quality, to assess question comprehension and interpretation, and to evaluate content validity of individual items and overarching concepts of interest, such as physical activity at home and/or work. The goal of determining unforeseen inaccuracies in cultural conversion of survey questions was met, including the discovery that participants found diagrams that were designed to assess body image did not meet what they perceived as cultural congruity. These findings suggest the use of novel CI focus group techniques to gather qualitative data in a group-based setting may be an efficient mechanism for feedback from community members about a survey for measuring cardiovascular health beliefs and behaviors. Although the cost and efficiency of these methods were not quantitatively tested as part of this study, when we set out to try the CI techniques that are typically done with 10 to 15 individual face-to-face interviews in a group setting, we found we were able to conduct the assessment in 1 group format rather than multiple interviews, which would have likely taken 10 times as long, thus increasing the time required of the interviewers and the need for an additional space commitment. This study builds on prior work using CI techniques in community-based settings for the development of research tools tailored to the needs and desires of the at-risk community. 11 
Qualitative research implications
The use of focus groups in CBPR is instrumental in providing researchers with qualitative data about community-specific barriers to developing appropriate interventions for health promotion and intervention. 22 Accountability establishes a credible and culturally sensitive programming ethic, a shared understanding of the research process, and a consensus on research goals. 23 Cognitive interviewing in a group setting reinforced accountability between respondents, the moderator, and the facilitator. This technique allowed participants to share their perspectives and recognize the challenges faced by researchers in appropriately addressing their health needs. Group-based CI lessened facilitator burden and promoted open-ended dialogue among participants that would not have been facilitated by a one-on-one interview. Participants provided responses that informed modifications to the survey for a broader community-based population. 
Health Services Insights
Such responses highlighted the need to include questions on a health behavior associated with CVD risk that were previously excluded due to perceived stigma and triggered an insightful dialogue between both facilitators and participants. The CI focus group technique served as a method for (1) question improvement, (2) developing additional questions of interest, (3) exploring community-specific issues, (4) clarifying skip logic, and (5) correcting typographical errors. Cognitive interviewing in a group setting provided a method for decreasing interviewer bias by facilitating the participant's control of the discussion. In addition, accountability present in the groupbased CI fostered valuable exchange of community perspectives on the strengths and weaknesses of the survey.
Group-based CI encouraged participants to identify cultural, structural, and linguistic barriers in the survey. Left unaddressed, these barriers may have increased miscomprehension of the survey question (eg, question intent, meaning of terms) and attenuated participants' ability to accurately respond to survey questions. Group-based CI within the target population appears to be an effective mechanism for culturally relevant feedback on the survey tool because participants have significant experience with the topics covered by the survey, a necessary element when conducting CI for survey development. 12 Participants' willingness to engage facilitators on health topics seldom discussed due to ascribed stigmas within faith-based populations elucidated key limitations in the current language used to survey these topics.
Understanding stigma associated with survey tools used to assess health beliefs and behaviors is essential to the design of culturally sensitive interventions. Successful interventions aimed at being culturally responsive to cardiovascular risk factors within a predominantly African American, faith-based community should reflect consideration of the cultural perspectives on diet, physical activity, weight, and other healthrelated behaviors. Group-based CI facilitates detection of lingual and format limitations in survey design to ensure culturally competent assessment of the target population.
Implications for health behavior interventions in faith-based communities
Recruiting congregants from predominantly African American churches provided an effective strategy for tailoring the survey specific to this community. The setting for the group CI may have been a more comfortable environment for the participants because of an established support network. This preexisting supportive social structure is consistent with faith-based settings, which appear to be culturally relevant environments for behaviorbased interventions. [24] [25] [26] The longstanding role of faith-based organizations as leaders in the African American community makes these institutions ideal hubs for informing behavioral change specific to the target population, disseminating health information, and identifying key community leaders who can steer a community-based intervention. 23, 26 Studies in faith-based settings, such as the Strawbridge Prospective Study, suggest that religious involvement is associated with improving and maintaining health behaviors related to tobacco use, alcohol consumption, and physical activity, 27 all of which are key determinants of cardiovascular outcomes. Prior work demonstrates that churchbased populations in the African American community have high rates of obesity and would specifically benefit from programs to provide tools for improving the quality of physical activity. 28, 29 
Global health implications
Cardiovascular disease is an increasing health burden in both developed and developing countries. 1 Studies suggest that community participation in research study development is gaining recognition as an effective practice globally [8] [9] [10] and that CI can be used in diverse populations. 16 In a recent study in a Vietnamese population, CI served as an informative method to translate, clarify, and contextualize a survey measuring the perceived aspects of the community's local health care services. 14 Another study assessed the face validity and cultural relevancy of 2 pain scales in a Kenyan community. 15 With regard to surveying risk factors leading to CVD, CI served as a useful method to assess the content retention and cultural relevancy for a health education study about a family's eating style and its impact on dietary intake among an older Vietnamese American sample. 17 However, our findings are particularly unique by highlighting that groupbased CI can be beneficial for survey development. Future studies evaluating survey instruments in global health interventions addressing CVD risk might benefit from group-based CI methods. As CI can be used as an effective CBPR measuring tool, it also shows opportunity for informing the inferences from quantitative studies. 18 Future work should elucidate the role of groupbased CI in this capacity.
Strengths and limitations
Strengths of this study are the novel use of CI in a group-based setting and the incorporation of CBPR strategies. We provided briefings of the findings back to participants and to the DC CHOC. These briefings included a short PowerPoint presentation. During the briefings, we also tried to determine the best methods for dissemination to the community. The community members recommended briefs that could be shared with the community, which we created and shared with congregants of the participating churches. We shared the briefs in bulletins and announcements and through e-mails with the churches, reaching more than 1000 community members in the distribution. One potential limitation of the study is generalizability, given that we conducted our focus group in a primarily African American, faith-based setting with a small sample size. All preferences and suggestions made in the focus group may not be representative of the entire targeted population. A limitation of this study was the use of a single focus group. Although focus groups usually continue until data saturation is reached and no new themes are generated, with a single focus group this may not have occurred. 
Conclusions
As hypothesized, group-based CI facilitated the communitydriven development of a culturally relevant survey that assesses health beliefs and behaviors related to cardiovascular health in an at-risk population. Unlike the previous use of CI in one-on-one interviews, in which discussion is naturally controlled by the interviewer, the novel use of the CI in a group setting reduces interviewer biases by giving the respondents control of the discussion and information exchange, without imposing respondent burden. A community-based setting allows members to articulate their perspectives in a comfortable and familiar environment that encourages authentic dialogue. Group-based CI may be an effective and efficient method for development of survey instruments for community-based interventions targeting cardiovascular health. The survey developed using this rigorous process will continue to be psychometrically tested, including exploring internal reliability of specific scales in descriptive and intervention studies planned in these resource-limited communities.
